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ABSTRACT 
 
 
 
 
 Currently, it is estimated that around 10,000 tons of dyes have been 
discharged around the world and causing some environmental problems. Since 
conventional treatments are not effective to degrade discharged dyes, efficient 
method should be applied to treat these pollutants. Supported liquid membrane 
(SLM) is an effective treatment for the removal of reactive dyes from wastewater 
because it provides maximum driving force for the separation of targeted solute and 
simultaneous extraction and stripping process, which lead to excellent separation. In 
this research, kerosene-salicyclic acid-tridodecylamine liquid membranes were used. 
Several factors that influence the stability of the SLM process, such as characteristics 
of the polymeric support and operating parameters were identified. The fabricated 
support was produced using thermally induced phase separation (TIPS). During 
fabrication process, different concentration of polymers at 10 wt%, 15 wt% and 20 
wt% were tested. Several operating parameters for separation of Red 3BS reactive 
dye such as flow rate and pH of feed phase, concentration of stripping agent and 
concentration of feed phase were investigated using commercial support in order to 
find favourable process conditions. Results showed that the fabricated support with 
15% of polymer concentration performed well as a membrane support with 100% of 
extraction and 58% of recovery of Red 3BS dye at favorable condition of 0.1 M 
sodium hydroxide as stripping agent, 100 ml/min of feed flow rate, 50 ppm Red 3BS 
and pH 3 of feed phase. The stability test also proved that the fabricated membrane 
remained stable up to 25 hours without suffering any breakage on its structure. As a 
conclusion, the fabricated support was proven to have high potential as a membrane 
support due to its high stability and excellent performance in separation process. 
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ABSTRAK 
 
 
 
 
Pada masa kini, dianggarkan sekitar 10,000 tan pewarna dibuang di seluruh 
dunia dan menyebabkan beberapa masalah alam sekitar. Memandangkan kaedah 
lazim tidak efektif untuk mendegradasi pewarna yang dibuang ini, kaedah yang 
berkesan patut diaplikasi untuk merawat pencemar ini. Membran cecair bersokong 
merupakan kaedah yang efektif untuk penyingkiran pewarna reaktif dari air sisa 
kerana ia membekalkan daya pacu yang maksimum untuk pemisahan bahan larut 
yang dikehendaki dan proses pengestrakkan dan pelucutan yang berlaku secara 
serentak yang membawa kepada proses pemisahan yang cemerlang.  Dalam kajian 
ini, membran cecair kerosin-asid salisiklik-tridodesilamina telah digunakan. 
Beberapa faktor yang mempengaruhi kestabilan membran cecair bersokong, seperti 
ciri-ciri penyokong polimer dan parameter operasi telah dikenalpasti. Penyokong 
fabrikasi telah dihasilkan menggunakan kaedah pemisahan fasa didorong terma 
(TIPS). Semasa proses fabrikasi, kepekatan polimer yang berbeza pada 10 wt%, 15 
wt% dan 20 wt %  telah diuji. Beberapa parameter operasi untuk pemisahan pewarna 
reaktif Red 3BS seperti kadar alir dan pH fasa suapan, kepekatan agen pelucutan, dan 
kepekatan larutan fasa suapan telah dikaji dengan menggunakan penyokong komersil 
untuk mendapatkan keadaan proses yang sesuai. Keputusan menunjukkan penyokong 
yang difabrikasi dengan kepekatan 15% polimer menunjukkan prestasi yang baik 
sebagai penyokong membran dengan 100% pengekstrakkan dan 58% perolehan 
semula pewarna Red 3BS pada keadaan yang sesuai iaitu pada 0.1 M natrium 
hidroksida sebagai agen pelucutan, kadar aliran suapan 100 ml/min, kepekatan Red 
3BS 50 ppm dan fasa suapan pH 3. Ujian kestabilan juga membuktikan membran 
fabrikasi kekal stabil sehingga 25 jam tanpa mengalami sebarang pemecahan pada 
strukturnya. Kesimpulannya, penyokong yang difabrikasi ini terbukti berpotensi 
sebagai penyokong membran kerana mempunyai kestabilan yang tinggi dan prestasi 
yang cemerlang dalam proses pemisahan. 
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CHAPTER 1 
 
 
 
 
INTRODUCTION  
 
 
 
 
1.1 Research Background  
 
 
Nowadays, awareness of society towards protection of environment has 
tremendously increases.  Water pollution is a type of pollution that caused major 
destruction to the environment especially to river, lakes, ocean and underground 
water (Muthuraman and Palanivelu, 2006a; Brown and Devito, 1993; Turgay et al., 
2011).  Increasing human population and industrial developments have caused rise in 
the amount of wastewater discharged to the environment.  Wastewater irrigation 
poses several potential threats to the environment and human health via the 
contamination and exposure of pathogenic microorganisms, heavy metals and 
harmful organic chemicals causing lack of suitable water for drinking, agriculture 
and farming industry (Stagnitti, 1999).  Besides, variety of pathogens found in 
wastewater including bacteria, protozoans and virus are dissociated with several 
infections such as diarrhea, vomiting, typhoid and malabsorption, which caused 
serious diseases to human.  
 
 
Wastewater produced from textile industries is the significant water pollution 
source (Solozhenko et al., 1995; Marechal et al., 2012).  Every year, it is estimated 
that over 10,000 tons of wastewater from textile and dyeing is produced and require 
efficient treatment before being discharged to water source (Forgacs et al., 2004). 
Textile wastewater contains a large number of harmful chemical such as 
formaldehyde, dioxin, reactive dyes, pesticides, halogenated benzene, organic 
chemicals, biocides, surfactants and toxic organic chemicals (Hussein, 2011; 
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Marechal et al., 2012).  Reactive dye is one of the major components found in 
wastewater that exhibit as colored wastewater and resistant to any degradation 
process.  During dyeing process, approximately 75% of dyes were discharged by 
Western European textile processing industries and 36% of it belonged to reactive 
dyes (Andrea, 2005).  Reactive dye is mainly used for coloration of cotton and 
cellulosic fiber and currently represents 20 - 30% of the total market share for dyes 
(He et al., 2010).  This component is extensively used as colorant due to their high 
degree chemical, photolytic stability, and high ability to bind with textile fibers 
through the covalent bonds.  Therefore, strong adhesion between reactive dye and 
fiber is formed and render it hard to be removed from washing process (He et al., 
2010; Hassan et al., 2009; Tekoglu and Ozdemir, 2010). Although reactive dyes have 
good interaction with the fabric, but it poses various negative impacts on 
environment and human being. Wastewater from dyeing stage commonly presents as 
toxic, mutagenic and carcinogenic effect on aquatic life (Lu et al., 2010; Banat et al., 
2006).  Discharging dye-containing wastewater to water effluent can cause great 
damage to human body, reproductive system, function of kidney, liver, brain and 
nervous system (Kadirvelu et al., 2003).  Moreover, this component exhibits high 
integrity and resistance towards microbial degradation, chemical, thermal and 
photolytic degradation due to their complex chemical structure.  As a consequence, 
the accumulation of dye components into the water bodies causes severe impact to 
human community and direct destruction to aquatic community.  Therefore, it is 
crucial to find an effective method to treat the reactive dye wastewater.  However, 
process to degrade and treat reactive dyes is difficult because generally they are 
stable in light, resistant to aerobic digestion, complicated in structure and not 
biologically degradable (Kumar et al., 2011).  
 
 
A wide range of wastewater treatment has been developed such as oxidation- 
ozonation (Arslan and Balcioglu, 2006; El-Desoky et al., 2010), coagulation 
electrochemical techniques (Soloman et al., 2009; Klimiuk et al., 1999), biological 
treatment (Ranjusha et al., 2010; Turgay et al., 2011), adsorption (Donnaperna et al., 
2009), foam fractionation (Lu et al., 2010), photocatalytic degradation (Attia et al., 
2008) and membrane separation process (Fogarassy et al., 2009; Sostar-Turk et al., 
2005).  Conventional treatments usually involve physical, chemical and biological 
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treatments for refining the textile wastewater.  However, conventional treatment is 
proven non- effective for handling textile wastewater due to the chemical stability of 
these dye pollutants towards any degradation process.  Reactive dyes have high 
degree chemical, high solubility and strong complex aromatic molecular structure 
resulting in greater difficulty in degradation and removal from water source (Ding et 
al., 2010).  These characteristics of dyes affect the effectiveness of treatment of 
wastewater.  Existing conventional treatments poses various disadvantages such as 
sludge generation, formation of byproducts, short-half life, high cost operation, 
release of aromatic amines, long time of process and not effective for all type of dyes 
(Robinson et al., 2003; Ahmad et al., 2010).  Therefore, a new approach of 
separation based membrane technology, which is supported liquid membrane was 
applied and proven as the best alternative treatment for removal of dyeing 
components in wastewater and can be applied for large scale ecologically friendly 
treatment process (Wang et al., 2011).  
 
 
Supported liquid membrane (SLM) is part of membrane technology that 
shows a great potential in the separation of desired solute from an aqueous phase 
since it combines extraction and stripping process in one single step unit operation.  
The one single step process provides the maximum driving force for separation 
which leads to an excellent removal and recovery process (Ho et al., 2001; de 
Agreda et al., 2011).  Potential advantages of SLM treatment over the conventional 
treatment are small amount of organic phase and carrier, high separation factor, high 
selectivity, minimal amount of carrier, low operating capital, and operating cost and 
easy to scale up (Mahmoud et al., 2007; Fu et al., 2003).  The use of SLM to remove 
and recover dye ions from wastewater has long been pursued by researcher 
community such as Muthuraman and Palanivelu (2006b), Hajarabeevi et al. (2009) 
and Nisola et al. (2010).  This treatment shows great potential in removal and 
recovery of dye ions from aqueous solution due to their non-equilibrium mass 
transfer characteristics and very low inventory of organic solvent.  Previous research 
done by Muthuraman and Palanivelu (2006) and Hajarabeevi et al. (2009) showed 
that the maximum extraction and recovery of dye ions were achieved by using SLM 
process under optimum conditions.  Thus, this treatment has been proven attractive 
due to an excellent performance in separation and recovery of desired solute.  
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1.2 Problem Statement 
 
 
Reactive dyes are mainly used in textile industry due to favourable 
characteristics of bright colour, water-fastness and formation of strong interaction 
with the fabric. These kinds of characteristics are due to their complex chemical 
structure by having benzidine ring substituent of azo coupling to aromatic system 
and presence of other aromatic amine compounds (Mathur et al., 2012).  These 
compounds retain color on fabric and along with high integrity.  However, presence 
of reactive dyes in wastewater causes destruction to mankind and environment. As a 
consequence, the release of dye into the water bodies causes severe impact to human 
community and direct destruction to aquatic community. Supported liquid membrane 
process is demonstrated to have significant potential as an effective tool for 
separation of reactive dye from textile wastewater. This treatment performs high 
separation efficiency and selectivity towards desired solute (Bukhari et al., 2004).   
 
 
Despite many advantages, this technology has rarely been applied in industry 
due to certain limitation such as instability and short lifetime of SLM process.  The 
major reason for this is membrane support stability and lifetime.  Instability 
phenomenon occurs when the liquid membrane fails to retain in the pore of 
membrane support leading to carrier lost (Calzado et al., 2001; Arslan et al., 2009).  
This problem has an influence on the flux and selectivity of SLM process.  Factors 
influencing the stability and lifetime of SLM process have been studied extensively 
by previous research (Yang and Fane, 1999; Zheng et al., 2009a). There are many 
factors that influence the stability of SLM such as type and characteristic of polymer 
support, membrane solvent, carrier and operating temperature. Membrane support is 
one of the factor that greatly influenced the stability and performance SLM process 
(Dżygiel and Wieczorek, 2010).  Since the liquid membrane is held within the pores 
of support by capillary force, it is clear that the pore structure, morphology and 
porosity influenced the stability of process. The support should have porous structure 
to ensure the continuity the transportation of solute throughout the support.  Besides, 
it is found that symmetric support is suitable for SLM process because it has fixed 
pores structure throughout the support and interconnected with each other. Suitable 
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morphology of support is a promising efficient separation of reactive dye with high 
stability and lifetime of process.   
 
 
 Supported liquid membrane stability and lifetime limit the industrial 
applications of this separation technique. Therefore, the stability of the support needs 
to enhance drastically. A proper choice of method of fabrication support and 
membrane support composition might improve the lifetime SLM system. A new 
approach is taken for enhancing the stabilization of SLM process by fabricating a 
support using thermally induced phase separation (TIPS) technique. TIPS is well 
known because it is a versatile and simplest technique for producing porous support 
and it is believed to have the ability to produce support with suitable morphology for 
SLM process (Fu et al., 2003). TIPS technique has been widely used by previous 
researchers to develop microporous support for separation process (Yave et al., 2005; 
Matsuyama et al., 2002b; Li et al., 2006).  Previous studies by Fu et al. (2003) and 
Fu et al. (2004) have fabricated the support that specific for SLM process and it is 
proven to be effective in separation of solute.  Therefore, it is believed that these new 
approaches have high capability in improving the performance of separation and 
enhancing the stability of SLM process. Several improvement and modification in 
TIPS technique have been proposed in order to achieve a maximum separation and 
stability of SLM process. 
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1.3 Objectives of Study 
 
 
The main purpose of this study is to fabricate a support for separation of 
reactive dye in SLM process. In order to successfully attain this objective, there are 
several parameters in highlight for optimum extraction performance.  The following 
are the objectives of this research: 
 
i. To synthesize the fabricated support for reactive dye removal using 
TIPS technique. 
 
ii. To investigate the favorable conditions for removal and recovery of 
reactive dye using commercial support. 
 
iii. To study the performance of fabricated membrane support in 
extraction of reactive dye in SLM process. 
 
 
 
 
1.4 Research Scopes 
 
 
This study is to investigate the separation of reactive dye using fabricated 
membrane support in SLM process. To achieve the objective of this study, fabricated 
support was produced and identification of favorable condition for separation of 
reactive dye using commercial membrane support was investigated. 
 
 
For fabrication of support, isotactic polypropylene (iPP) was used as a 
polymer and diphenylether (DPE) was used as a diluent. TIPS technique was chosen 
as a method of fabrication support due to easiness in controlling membrane structure.  
It is believed that TIPS technique is feasible for controlling structure and pore of 
support by inducing different concentration polymer-diluent. Three different 
concentration of polymer-diluent (10% iPP-90% DPE, 15% iPP-85% DPE, 20% iPP- 
80% DPE) were studied.  The physical characteristic and morphology of fabricated 
support was measured by using Scanning Electron Microscopy (SEM).  From the 
SEM analysis, structure of cross section and pore size membrane were illustrated.   
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In order to test the performance of fabricated support, the favorable condition 
of SLM should be studied. The commercial support was used as a support for liquid 
membrane. Reactive dye Red 3BS was used as a feed phase in this study.  For 
organic phase, tridodecylamine (TDA) was used as a carrier assisted by salicyclic 
acid (SA) as a co-carrier with kerosene as a diluent (Othman et al., 2011).  At the 
stripping side, sodium hydroxide was used as a stripping agent.  In order to find the 
best operating condition for SLM process, several parameters processes were 
attempted such as flow-rate of feed phase (50 ml/min, 100 ml/min, 125 ml/min, 150 
ml/min), pH of feed phase (pH 1, pH 2, pH 3, pH 4, pH 7.07), concentration of 
stripping agent (0.25 M, 0.5 M, 0.1 M, 0.2 M) and concentration of feed phase (10 
ppm, 30 ppm, 50 ppm, 70 ppm).  The performance of removal and recovery of 
reactive dye was analyzed by UV spectrophotometer.  
 
 
The performance of fabricated support was studied using SLM process at 
favorable condition obtained in the second objective.  Fabricated support with 
different polymer concentrations was tested in SLM process. Different morphology 
of fabricated support led to different performance on separation of reactive dye.  For 
each process, 6 hours of operation was needed to completely perform the removal 
and recovery of reactive dye from an aqueous solution.  At the end, the stability and 
lifetime of fabricated membrane support was studied by allowing the separation 
process continuously without re-impregnation of fabricated membrane support in 
liquid membrane until it showed some instability behavior.  Concentration of feed 
and strip phase were analyzed every 30 minutes by UV spectrophotometer.  
 
 
 
 
1.5 Research Outline 
 
 
This thesis consists of five chapters, which present the research in sequential 
order. Chapter 1 introduces the research background, problem statement, objective of 
study and research scope. Besides, the research outline of the thesis is also included 
in this chapter. Chapter 2 represents the detailed reviews those related with textile 
industry and wastewater treatment, liquid membrane technology, application of SLM 
8 
 
process, fabrication of support using TIPS process and future development of SLM 
process. Chapter 3 describes the materials used and methodology involved in this 
study. Experimental procedures include fabrication support using TIPS method and 
separation of reactive dye using SLM system was discussed in detail in this chapter. 
In order to achieve the objectives, the scope of works including fabrication of 
support using TIPS method, identification of favorable condition of SLM process, 
capability of fabricated support as a membrane support for separation of Red 3BS 
and the stability of commercial and fabricated membranes support were investigated. 
In addition, the morphological structure and pore size of fabricated support was 
analyzed using SEM test. The results and discussions are presented in Chapter 4. In 
this chapter, experimental data collections were been discussed and analyzed in 
detailed. Finally, the conclusion and recommendation are presented in Chapter 5 for 
further improvement in future research. 
 
113 
 
REFERENCES 
 
 
 
 
Ahluwalia, S. S. and Goyal, D (2005). Removal of Heavy Metals by Waste Tea 
Leaves from Aqueous Solution. Engineering in Life Sciences. 5(2), 158-162.  
Alguacil F.J. and Alonso, M. (2005). Separation of zinc (II)from cobalt solutions 
using supported liquid membrane with DP-8R (di(2-ethylhexyl) phosphoric 
acid as a carrier. Separation and Purification Technology. 41,179-184. 
Alguacil, F. J., Caravaca, C., and Martín, M. I. (2003). Transport Of Chromium(VI) 
Through A Cyanex 921 Supported Liquid Membrane From HCl Solutions. 
Journal of Chemical Technology & Biotechnology. 78(10), 1048-1053.  
Alguacil, F.J., Alonso, M. and Sastre, A.M. ( 2005). Facilitated supported liquid 
membrane transport of gold (I) and gold (III) using Cyanex 921, Journal of 
Membrane Science. 252(1–2), 237-244.  
Alguacil, F.J., Coedo, A.G. and Dorado, M.T. (2000). Transport of chromium (VI) 
through a Cyanex 923–xylene flat-sheet supported liquid membrane, 
Hydrometallurgy. 57(1), 51-56.  
Altin, S., Yildirim, Y., and Altin, A. (2010). Transport of silver ions through a flat-
sheet supported liquid membrane. Hydrometallurgy. 103(1–4), 144-149.  
Alyuz, B. and Veli, S. (2009). Kinetics and equilibrium studies for the removal of 
nickel and zinc from aqueous solutions by ion exchange resins. Journal of 
Hazardous Material. 167, 482-488.  
Ambashta, R. D., and Sillanpää, M. E. T. (2012). Membrane purification in 
radioactive waste management: a short review. Journal of Environmental 
Radioactivity. 105(1), 76-84.  
 
114 
 
Amini, M., Younesi, H. and Bahramifar, N. (2009). Statistical modeling and 
optimizationof the cadmium biosorption process in an aqueous solution using 
Aspergillus niger. Colloid and Surfaces. 337, 67-73.  
Amiri, A. A., Safavi, A., Hasaninejad, A. R., Shrghi, H., and Shamsipur, M. (2008). 
Highly selective transport of silver ion through a supported liquid membrane 
using calix[4]pyrroles as suitable ion carriers. Journal of Membrane Science. 
325(1), 295-300.  
Andrea Zille (2005), Laccase Reactions for Textile Applications, Doctor of 
Philosophy.  
Apiratikul, R. and Pavasant, P. (2008) Batch and column studies of biosorption of 
heavymetals by Caulerpa lentillifera. Bioresource Technology. 99, 2766-
2777.  
Arslan, G., Tor, A., Cengeloglu, Y. and Ersoz, M. (2009). Facilitated transport of 
Cr(III) through activated composite membrane containing di-(2-ethylhexyl) 
phosphoric acid (DEHPA) as carrier agent. Journal of Hazardous Materials, 
165(1–3), 729-735.  
Arslan, I., and Balcioglu, I.A. (2006).Degradation of Remazol Black B dye and its 
simulated dyebath wastewater by advanced oxidation processes in 
heterogeneous and homogeneous media. Coloration Technology. 117 (1), 38-
42.  
Asouhidou, D. D., Triantafyllidis, K. S., Lazaridis, N. K., and Matis, K. A. (2009). 
Adsorption of Remazol Red 3BS from aqueous solutions using APTES- and 
cyclodextrin-modified HMS-type mesoporous silicas. Colloids and Surfaces 
A: Physicochemical and Engineering Aspects. 346(1–3), 83-90.  
Ata, O.N. and Çolak, S. (2005). Modelling of zinc transport through a supported 
liquid membrane, Hydrometallurgy. 80(3), 155-162. Universidade do 
Minho. 
Akbari, A . and Yegani, R. (2012). Study on the Impact of Polymer Concentration 
and Coagulation Bath Temperature on the Porosity of Polyethylene 
115 
 
Membranes Fabricated Via TIPS Method, Journal of Membrane and 
Separation Technology. 1, 100-107. 
Ata, O.N., Beşe, A.V., Çolak, S., Dönmez, B. and Çakıcı, A. (2004), Effect of 
parameters on the transport of zinc ion through supported liquid membrane. 
Chemical Engineering and Processing: Process Intensification. 43(7), 895-
903.  
Attia, A., Kadhim, S. and Hussein, F. (2008). Photocatalytic Degradation of Textile 
Dyeing Wastewater Using Titanium Dioxide and Zinc Oxide, E-Journal of 
Chemistry. 5(2), 219-223. 
Badmus, M.A.O., Audu T.O.K., and Anyata, B.U. (2007). Removal of heavy metal 
from industrial wastewater using hydrogen peroxide. African Journal of 
Biotechnology. 6 (3), 238-242. 
Baker, R.W.(2000). Membrane Technology and Applications. (2nd ed.). England: 
John Wiley & Sons Ltd.  
Banat, I.M., Nigam, P., Singh, D. and Marchant, R. (1996). Microbial decolorization 
of textile-dye-containing effluents: a review. Bioresource Technology. 58, 
217-227. 
Benjjar, A., Hor, M., Riri, M., Eljaddi, T., Kamal, O., Lebrun, L., Hlaïbi, M. (2012). 
A new supported liquid membrane (SLM) with methyl cholate for facilitated 
transport of dichromate ions from mineral acids: parameters and mechanism 
relating to the transport. Journal Material Environmental Science. 3 (5) 
(2012) 826-839.  
Beydilli, M. I., Pavlostathis, S. G., and Tincher, W. C. (1998). Decolorization and 
toxicity screening of selected reactive azo dyes under methanogenic 
conditions. Water Science and Technology. 38(4–5), 225-232.  
Björkegren, S. and Karimi, R. F. (2012). A study of the heavy metal extraction 
process using emulsion liquid membranes. Master Thesis, Chalmers 
University Of Technology, Swedden  
116 
 
Breembroek, G. R. M., van Straalen, A., Witkamp, G. J., and van Rosmalen, G. M. 
(1998a). Extraction of cadmium and copper using hollow fiber supported 
liquid membranes. Journal of Membrane Science. 146(2), 185-195.  
Breembroek, G. R. M., Witkamp, G. J., and van Rosmalen, G. M. (1998b). 
Extraction of cadmium with trilaurylamine–kerosine through a flat-sheet-
supported liquid membrane. Journal of Membrane Science. 147(2), 195-206.  
Bringas, E., San Rom´an, M.F., Irabien, J.A. and Ortiz, I. (2009). An overview of the 
mathematical modelling of liquid membrane separation processes in hollow 
fiber contactors, In: Journal of Chemical Technology Biotechnology, 84, 
1583–1614.. 
Brown, M.A. and De Vito, S.C. (1993). Predicting azo dye toxicity, Critical Reviews 
in Environmental Science and Technology. 23(3), 249-324.  
Budyanto, L., Goh, Y. Q. and Ooi, C. P. (2009). Fabrication of porous poly(L-
lactide) (PLLA) scaffolds for tissue engineering using liquid–liquid phase 
separation and freeze extraction, Journal of Material Science. 20,105–111. 
Bukhari, N. Chaudry, M.A. Mazhar, M. (2004). Cobalt(II) transport through 
triethanolamine–cyclohexanone supported liquid membrane, Journal of 
Membrane Science. 234 (2), 157.  
Caleb Vincent Funk. (2008). The Microporous Mixed Matrix (ZeoTIPS) 
Membranes. Doctor of Philosophy. University of Texas at Austin. 
Calzado, J.A., Palet, C., and Valiente, M. (2001). Metal affinity liquid membrane. 
Part III: characterization of transport selectivity. Journal of Separation 
Science. 24, 533–543.  
Chakrabarty, K., Saha, P. and Ghoshal, A. K. (2010). Simultaneous separation of 
mercury and lignosulfonate from aqueous solution using supported liquid 
membrane. Journal of Membrane Science. 346(1), 37-44.  
117 
 
Chakrabarty, K., Saha, P., and Ghoshal, A. K. (2009). Separation of lignosulfonate 
from its aqueous solution using supported liquid membrane. Journal of 
Membrane Science. 340(1–2), 84-91.  
Chakraborty, M., Bhattacharya, C., and Datta, S. (2010a). Chapter 4 – Emulsion 
Liquid Membranes: Definitions and Classification, Theories, Module Design, 
Applications, New Directions and Perspectives. In S. K. Vladimir. Liquid 
Membranes (pp. 141-199). Amsterdam: Elsevier.  
Chakraborty, M., Dobaria, D. and Parikh, A. P. (2010b). Performance and Stability 
study of vegetable oil based supported liquid membrane. Indian Journal of 
Chemical Technology. 17, 126-132.  
Charerntanyarak, L. (1999). Heavy metals removal by chemical coagulation and 
precipitation. Water and Science Technology. 39(10–11), 135-138.  
Chaudry, M.A. Bukhari, N. and Mazhar, M. (2008). Coupled transport of Ag(I) ions 
through triethanolamine–cyclohexanone-based supported liquid membranes, 
Journal of Membrane Science. 320(1–2), 93-100.  
Chiang, C.Y. and Lloyd, D.R. (1996). Effects of process conditions on the formation 
of microporous membrane via solid-liquid thermally induced phase 
separation, Journal of Porous Material. 2, 273-285.  
Chiarizia, R. (1991). Stability of supported liquid membranes containing longchain 
aliphatic-amines as carriers, Journal of Membrane Science, 55 (1–2), 65–77.  
Chu, K.H. and Hashim, M.A. (2004). Quantitative analysis of copper biosorption by 
the microalga Chlorella vulgaris. Environmental Engineering Science. 21 (2), 
139–147.  
Chung, K.T., and Stevens, S. E. (1993). Degradation azo dyes by environmental 
microorganisms and helminths. Environmental Toxicology and Chemistry. 
12(11), 2121-2132.  
118 
 
Dabrowski, A., Hubicki, Z., Podkościelny, P. and Robens, E. (2004). Selective 
removal of the heavy metal ions from waters and industrial wastewaters by 
ion-exchange method. Chemosphere. 56(2). 91-106.  
De Agreda, D., Garcia, D.I., López, F.A. and Alguacil, F.J. (2011). Supported liquid 
membranes technologies in metals removal from liquid effluents. Revista de 
Metalurgia. 47 (2), 146-168.  
Deblay, P., Minier, M. and Renon, H. (1990). Separation of L-valine from 
fermentation broths using a supported liquid membrane, Biotechnology and 
Bioengineering. 35(2), 123-131.  
Di Luccio, M., Smith, B. D., Kida, T., Alves, T. L. M., and Borges, C. P. (2002). 
Evaluation of flat sheet and hollow fiber supported liquid membranes for 
fructose pertraction from a mixture of sugars. Desalination. 148(1–3), 213-
220.  
Di Luccio, M., Smith, B. D., Kida, T., Borges, C. P., and Alves, T. L. M. (2000). 
Separation of fructose from a mixture of sugars using supported liquid 
membranes. Journal of Membrane Science. 174(2), 217-224.  
Ding, S., Li; Z. and Wangrui (2010). Overview of dyeing wastewater treatment 
technology. Water resources protection. 26,73-78.  
Donnaperna, L., Duclaux, L., Gadiou, R., Hirn, M.P., Merli, C., and Pietrelli, L. 
(2009). Comparison of adsorption of Remazol Black B and Acidol Red on 
microporous activated carbon felt. Journal of Colloid and Interface Science. 
339, 275–284.  
Drapala, A. and Wieczorek, P. (2002). Extraction of Short Peptides using Supported 
Liquid Membranes. Desalination. 148, 235-239. 
Dzygiel, P., and Wieczorek, P. P. (2010). Chapter 3 - Supported Liquid Membranes 
and Their Modifications: Definition, Classification, Theory, Stability, 
Application and Perspectives. In S. K. Vladimir (Ed.), Liquid Membranes 
(pp.73-140). Amsterdam: Elsevier. 
119 
 
El-Desoky, H. S., Ghoneim, M. M., El-Sheikh, R., and Zidan, Naglaa. M. (2010). 
Oxidation of Levafix CA reactive azo-dyes in industrial wastewater of textile 
dyeing by electro-generated Fenton’s reagent. Journal of Hazardous 
Materials. 175, 858–865.  
Feng, C., Shi, B., Li, G. and Wu, Y. (2004). Preparation and properties of 
microporous membrane from poly(vinylidene fluoride-co-tetrafluoroethylene) 
(F2.4) for membrane distillation. Journal of Membrane Science. 237(1–2), 
15-24.  
Figoli, A., Sager, W.F.C. and Mulder, M.H.V. (2001) Facilitated oxygen transport in 
liquid membranes: review and new concepts, Journal of Membrane Science. 
181(1), 97-110.  
Fogarassy, E., Galambos, I., Bekassy, M, E. and Vatai, G. (2009). Treatment of high 
arsenic content wastewater by membrane filtration. Desalination, 240(1–3), 
270-273.  
Forgacs, E., Cserháti, T., and Oros, G. (2004). Removal of synthetic dyes from 
wastewaters: a review. Environment International. 30(7), 953-971.  
Fu, F. and Wang, Q. (2011). Removal of heavy metal ions from wastewaters: A 
review, Journal of Environmental Management. 92(3) 407-418.  
Fu, F., Xie, L., Tang B., Wang, Q. and Jiang, S. (2012). Application of a novel 
strategy—Advanced Fenton-chemical precipitation to the treatment of strong 
stability chelated heavy metal containing wastewater. Chemical Engineering 
Journal. 189–190, 283-287. 
Fu, S. S., Mastuyama, H., and Teramoto, M. (2004). Ce(III) recovery by supported 
liquid membrane using polyethylene hollow fiber prepared via thermally 
induced phase separation. Separation and Purification Technology. 36(1), 17-
22.  
Fu, S.S., Matsuyama, H., Teramoto, M. and Lloyd, D.R. (2003). Preparation of 
microporous polypropylene membrane via thermally induced phase 
120 
 
separation as support of liquid membrane used for metal ion recovery, 
Journal of Chemical Engineering Japan, 36 (11),1397-1404.  
Gabelman, A. and Hwang, S.-T. (1999). Hollow fiber membrane contactors, Journal 
of Membrane Science, 159(1–2) 61-106. 
Gatos, K.G., Kandilioti, G., Galiotis, C. and Gregoriou, V.G. (2004). Mechanically 
and thermally induced chain conformational transformations between helical 
form I and trans-planar form III in syndiotactic polypropylene using FT-IR 
and Raman spectroscopic techniques. Polymer. 45, 4453-4464. 
Ghasem, N., Al-Marzouqi, M. and Duaidar, A. (2011). Effect of quenching 
temperature on the performance of poly(vinylidene fluoride) microporous 
hollow fiber membranes fabricated via thermally induced phase separation 
technique on the removal of CO2 from CO2-gas mixture, International 
Journal of Greenhouse Gas Control. 5(6), 1550-1558.  
Gu, J., Lai, A., Zhang, J., Bai, Y., Zhang C. and Sun, Y. (2012). Effects of 4A 
Zeolite Additions on the Structure and Performance of LDPE Blend 
Microfiltration Membrane through Thermally Induced Phase Separation 
Method, Journal of Membrane and Separation Technology. 1, 52-59. 
Gu, M., Zhang, J., Wang, X., Tao, H. and Ge, L. (2006). Formation of 
poly(vinylidene fluoride) (PVDF) membranes via thermally induced phase 
separation. Desalination. 192(1–3), 160-167.  
Hajarabeevi, N., Mohammed Bilal, I., Easwaramoorthy, D., Palanivelu, K. (2009) 
Facilitated transport of cationic dyes through a supported liquid membrane 
with D2EHPA as carrier. Desalination 245, 19–27.  
Hao, O. J., Kim, H., and Chiang, P. C. (2000). Decolorization of wastewater. Critical 
Reviews in Environmental Science and Technology. 30(4), 449-505. 
Hassan, S. S. M., Awwad, N. S. and Aboterika, A.H.A. (2009). Removal of synthetic 
reactive dyes from textile wastewater by Sorel's cement. Journal of 
Hazardous Materials, 162(2–3), 994-999.  
121 
 
Hassoune, H., Rhlalou, T., Métayer M. and Verchère, J.F.(2005). Facilitated 
transport of aldoses by methyl cholate through supported liquid membranes 
impregnated with various solvents, Journal of Membrane Science. 248(1–2), 
89-98.  
He, Y., Li, G., Wang, H., Jiang, Z., Zhao, J. and Su, H. (2010). Diafiltration and 
water recovery of Reactive Brilliant Blue KN-R solution by two-stage 
membrane separation process. Chemical Engineering and Processing: 
Process Intensification. 49(5), 476-483.  
Ho, W.S., Wang, B., Neumuller, T.E., and Roller,J. (2001). Supported liquid 
membrane for removal and recovery of metals from waste water and process 
stream. Enviromental Progress. 20(2), 117-121.  
Huang, D., Huang, K., Chen, S., Liu, S. and Yua, J. (2008). Racemiix-cyclohexyl-
mandelic Acid Resolution across Hollow Fiber Supported Liquid Membrane 
Chemical and Biochemical Engineering Quarterly. 22 (4) 447–452  
Hussein, F.H. (2011). Photochemical Treatments of Textile Industries Wastewater. 
Peter Hauser. Advances in Treating Textile Effluent. (pp 117-144). Crotia: 
Intech Open Science. 
Ilconich, J.B., Luebke, D.R., Myers, C.R. and Pennline, H.W. (2006). Carbon 
dioxide separation through supported ionic liquids membranes in polymeric 
matrixes. United States: University of Pittsburgh School of Engineering, 
Pittsburgh, PA.  
Jaber, A.M.Y., Ali, S.A. and Yahaya, G.O. (2005). Studies on phenol permeation 
through supported liquid membranes containing functionalized 
polyorganosiloxanes, Journal of Membrane Science, 250(1–2), 85-94.  
Ji, G.L., Zhu, L.P., Zhu B.K. and Xu Y.Y. (2008). Effect Of Diluents On 
Crystallization Of Poly(Vinylidene Fluoride) And Phase Separated Structure 
In A Ternary System Via Thermally Induced Phase Separation. Chinese 
Journal of Polymer Science. 26(3), 291−298.  
122 
 
Jiang, Y. Y., Zhou, Z., Jiao, Z., Li, L., Wu, Y. T. and Zhang, Z. B. (2007). SO2 gas 
separation using supported ionic liquid membranes. The Journal of Physic 
Chemistry B. 111, 5058-5061.  
Johnson, P.D., Girinathannair, P., Ohlinger, K.N., Ritchie, S., Teuber, L. and Kirby, 
J. (2008). Enhanced Removal of Heavy Metals in Primary Treatment Using 
Coagulationand Flocculation. Water Environment Research. 80(5), 472-479.  
Jungclaus, G.A., Lopez-Avila, V. and Hites, R.A. (1978). Organic compounds in an 
industrial wastewater: a case study of their environmental impact, 
Environment and Science Technology. 12(1), 88-96. 
Kadirvelu, K., Kavipriya, M., Karthika, C., Radhika, M., Vennilamani, N., and 
Pattabhi, S. (2003).Utilization of various agricultural wastes for activated 
carbon preparation and application for the removal of dyes and metal ions 
from aqueous solutions. Bioresourful Technology. 87(1), 129-132.  
Kaminski,W., and Kwapinski,W. (2000). Applicability of liquid membranes in 
Enviromental protection. Polish Journal of Enviromental Studies. 9(1), 37-43. 
Kandwal, P., Ansari, S. A., and Mohapatra, P. K. (2011). Transport Of Cesium Using 
Hollow Fiber Supported Liquid Membrane Containing Calix[4]Arene-
Bis(2,3-Naphtho)Crown-6 As The Carrier Extractant: Part II. Recovery From 
Simulated High Level Waste And Mass Transfer Modeling. Journal of 
Membrane Science. 384(1–2), 37-43.  
Kaur, A. and Vohra, D.K. (2010). Study of bulk liquid membrane as a separation 
technique to recover acetic and propionic acids from diluted solution. Indian 
Journal of Chemical Technology.17, 133-138.  
 Kaya, A., Kutlu, T., Hol, A., Surucu, A. and Alpoguz, H.K. (2013). Transport of 
Pb(II) by supported liquid membrane containing p-tert-butyl calix[4]amine 
derivative as carrier, Desalination and Water Treatment, 1, 1-7. 
Kemperman, A. J. B., Rolevink, H. H. M., Bargeman, D., van den Boomgaard, T., 
and Strathmann, H. (1998). Stabilization of supported liquid membranes by 
123 
 
interfacial polymerization top layers. Journal of Membrane Science. 138(1), 
43-55.  
Kertész, R., Schlosser, Š. and M. Šimo. (2004) Mass-transfer characteristics of a 
spiral-channel SLM module in pertraction of phenylalanine, Desalination, 
163(1–3) 103-117. 
Khayet, M. and Matsuura, T. (2011). Membrane Distillation: Principles and 
Applications. The Netherlands: Elsevier. 
Kim, S. S., and Lloyd, D. R. (1991). Microporous membrane formation via 
thermally-induced phase separation. III. Effect of thermodynamic interactions 
on the structure of isotactic polypropylene membranes. Journal of Membrane 
Science. 64(1–2), 13-29.  
Kim, S.S., Lim, G.B.A., Alwattari, A.A., Wang, Y.F. and Lloyd, D.R. (1991) 
Microporous membrane formation via thermally induced phase separation, V. 
Effect of diluent mobility and crystallization kinetics on membrane 
structuresof isotactic polypropylene membranes. Journal of Membrane 
Sciences. 64, 41-53.  
Kislik, V. S. (2010a). Chapter 2 - Carrier-Facilitated Coupled Transport Through 
Liquid Membranes: General Theoretical Considerations and Influencing 
Parameters. In S. K. Vladimir (Ed.), Liquid Membranes (17-71). Amsterdam: 
Elsevier.  
Kislik, V.S. (2010b) Chapter 1 - Introduction, General Description, Definitions, and 
Classification. Overview, in editor Vladimir S.K. Liquid Membranes. (1-15) 
Amsterdam. Elsevier: 
Klimiuk, E., Filipkowska, U., and Libecki, B. (1999) Coagulation of Wastewater 
Containing Reactive Dyes with the Use of Polyaluminium Chloride (PAC). 
Polish Journal of Environmental Studies. 8(2), 81-88.  
Kocherginsky, N. M., and Yang, Q. (2007). Big Carrousel mechanism of copper 
removal from ammoniacal wastewater through supported liquid membrane. 
Separation and Purification Technology. 54(1), 104-116.  
124 
 
Kocherginsky, N. M., Yang, Q., and Seelam, L. (2007). Recent advances in 
supported liquid membrane technology. Separation and Purification 
Technology, 53(2), 171-177.  
Kumar, A., Choudhary, P., and Verma, P. (2011). A Comparative Study on 
Treatment Methods of Textile Dye Effluent. Global Journal of 
Environmental Research. 5(1), 46-52.  
Larous, S., Meniai, A.H. and Lehocine, M.B. (2005). Experimental study of the 
removal of copper from aqueous solutions by adsorption using sawdust, 
Desalination. 185 (1–3), 483–490.  
Lee, J.S., Lee, H.K., Kim, J.Y., Hyon, S.-H. and Kim, S.C. (2003). Thermally 
induced phase separation in poly(lactic acid)/dialkyl phthalate systems. 
Journal of Applied Polymer Science. 88(9), 2224-2232.  
Li, D., Krantz, W.B., Greenberg, A.R. and Sani, R.L. (2006). Membrane formation 
via thermally induced phase separation (TIPS): Model development and 
validation, Journal of Membrane Science. 279(1–2), 50-60.  
Li, J.F., Xu, Z.L., and Yang, H. (2008a). Microporous polyethersulfone membranes 
prepared under the combined precipitation conditions with non-solvent 
additives. Polymers for Advanced Technologies. 19(4), 251-257.  
Li, N.N., Fane, A.G., Ho, W.S.W. and Matsuura, T. (2008b). Advanced Membrane 
Technology and Application.(1st ed.). A John Wiley & Son, Inc., Publication.  
Liang, P., Liming, W. and Guoqiang, Y. (2012). Study on a novel flat renewal 
supported liquid membrane with D2EHPA and hydrogen nitrate for 
neodymium extraction. Journal Of Rare Earths. 30(1), 63-67. .  
Lin, Y. K., Chen, G., Yang, J., and Wang, X. L. (2009). Formation of isotactic 
polypropylene membranes with bicontinuous structure and good strength via 
thermally induced phase separation method. Desalination. 236(1–3), 8-15.  
Liu, M., Wei, Y.M., Xu, Z.L., Guo, R.Q. and Zhao, L.B. (2013) Preparation and 
characterization of polyethersulfone microporous membrane via thermally 
125 
 
induced phase separation with low critical solution temperature system, 
Journal of Membrane Science. 437, 169-178.  
Lo, S.L. and Shiue, S.F. (1998) Recovery of Cr(VI) by quaternary ammonium 
compounds,Water Research. 32, 174-178.  
Lothongkum, A.W., Suren, S., Chaturabul, S., Thamphiphit, N. and Panchareon, U. 
(2011). Simultaneous removal of arsenic and mercury from natural-gas-co-
produced water from the Gulf of Thailand using synergistic extractant via 
HFSLM. Journal of Membrane Science. 369, 350-358.  
Lu, K.; Zhang, X.L.; Zhao, Y.L. and Wu, Z.L. (2010). Removal of color from textile 
dyeing wastewater by foam separation. Journal of Hazardous Materials, 
182(1-3), 928-932.  
Luo, B., Zhang, J., Wang, X., Zhou, Y. and Wen. J. (2006). Effects of nucleating 
agents and extractants on the structure of polypropylene microporous 
membranes via thermally induced phase separation. Desalination. 192(1–3), 
142-150.  
Luo, J.H., Li, J., Yang, Z.P. and Liu, X.F. (2013) Removal of chromium(III) from 
aqueous waste solution by predispersed solvent extraction. Transactions of 
Nonferrous Metals Society of China. 23(2), 524-529.  
Lv, J. Yang, Q. Jiang, J. and Chung, T.S. (2007). Exploration of heavy metal ions 
transmembrane flux enhancement across a supported liquid membrane by 
appropriate carrier selection, Chemical Engineering Science. 62, 6032-6039.  
Ma, W., Chen, S., Zhang, J. and Wang, X. (2010).Kinetics of Thermally Induced 
Phase Separation in the PVDF Blend/Methyl Salicylate System and Its Effect 
on Membrane Structures. Journal of Macromolecular Science. Part B. 
50(1),1-15.  
Mahmoud, S., Ghaly, A. E., and Brooks, M. S. (2007). Removal of Dye from Textile 
wastewater using plant oils under different pH and temperature conditions. 
American Journal of Environmental Science. 3(4), 205-218. 
126 
 
Marchese, J.,Valenzuela, F., Basualto, C. and Acosta, A. (2004). Transport of 
molybdenum with Alamine 336 using supported liquid membrane, 
Hydrometallurgy. 72(3–4), 309-317. 
Marechal, A.M.L., Krizanec, B., Vajnhand, S. and Valh, J.V. (2012). Textile 
Finishing Industry as an important source of organic pollutants. Tomasz 
Puzyn. Organic Pollutants Ten Years After the Stockholm Convention -
Environmental and Analytical Update. (30-54). Crotia: Intech Open Science  
Marták, J., Schlosser, Š. and Vlčková, S. (2008). Pertraction of lactic acid through 
supported liquid membranes containing phosphonium ionic liquid. Journal of 
Membrane Science. 318(1–2), 298-310.  
Martinez-Perez, C.A., Olivas-Armendariz, I., Castro-Carmona, J.S. and Garcia-
Casillas, P.E. (2011). Scaffolds For Tissue Engineering Via Thermally 
Induced Phase Separation, in Gendebien, S.W. Advances in Regenerative 
Medicine (pp. 499-519). Croatia: Intech Open Science Publisher  
Mathur, N., Bhatnagar, P. and Sharma, P. (2012). Review of the Mutagenicity of 
Textile Dye Products. Universal Journal of Environmental Research and 
Technology. 2(2), 1-18.  
Matlock, M.M. Howerton, B.S. and Atwood, D.A. (2002). Chemical precipitation of 
heavy metals from acid mine drainage. Water Research. 36(19), 4757-4764.  
Matsumoto, M., Ueba, K. and Kondo, K. (2009). Vapor permeation of hydrocarbons 
through supported liquid membranes based on ionic liquids. Desalination. 
241 (1-3), 365-372.  
Matsuyama, H., Berghmans, S., Batarseh, M.T. and Lloyd, D.R. (1998). Effects of 
thermal history on anisotropic and asymmetric membranes formed by 
thermally induced phase separation. Journal of Membrane Science. 142(1) 
27-42.  
Matsuyama, H., Iwatani, T., Kitamura, Y., Tearamoto, M. and Sugoh, N. (2001) 
Formation of porous poly(ethylene-co-vinyl alcohol) membrane via thermally 
127 
 
induced phase separation, Journal of Applied Polymer Science. 79(13), 2449-
2455.  
Matsuyama, H., Kudari, S., Kiyofuji, H., and Kitamura, Y. (2000). Kinetic studies of 
thermally induced phase separation in polymer–diluent system. Journal of 
Applied Polymer Science. 76(7), 1028-1036.  
Matsuyama, H., Man Kim, M., and Lolyd, R.D. (2002a). Effect of extraction and 
drying on the structure of microporous polyethylene membranes prepared via 
thermally induced phase separation. Journal of Membrane Science .204(1). 
413-419. 
Matsuyama, H., Okafuji, H., Maki, T., Teramoto, M., and Tsujioka, N. (2002b). 
Membrane formation via thermally induced phase separation in 
polypropylene/polybutene/diluent system. Journal of Applied Polymer 
Science. 84(9), 1701-1708.  
McGuire, K. S., Laxminarayan, A., and Lloyd, D. R. (1995). Kinetics of droplet 
growth in liquid—liquid phase separation of polymer—diluent systems: 
experimental results. Polymer. 36(26), 4951-4960.  
Meena, A.K., Mishra, G.K., Rai, P.K., Rajagopal, C. and Nagar, P.N. (2005) 
Removal of heavy metal ions from aqueous solutions using carbon aerogel as 
an adsorbent, Journal of Hazardous Material. 122, 161–170.  
Memon, F.N. and Memon, S. (2012). Calixarenes: A Versatile Source for the 
Recovery of Reactive Blue-19 Dye from Industrial Wastewater. Pakistan 
Journal of Analytica nad Environmental Chemistry. 13(2),148 – 158.  
Miloud, B. (2005). Permeability and Porosity Characteristics Of Steel Fiber 
Reinforced Concrete. Asian Journal Of Civil Engineering (Building And 
Housing). 6( 4 ), 317-330. 
Mitiche, L., Tingry, S., Seta, P., and Sahmoune, A. (2008). Facilitated transport of 
copper(II) across supported liquid membrane and polymeric plasticized 
membrane containing 3-phenyl-4-benzoylisoxazol-5-one as carrier. Journal 
of Membrane Science. 325(2), 605-611.  
128 
 
Mizutani, Y., Hirayama, K. and Nagō, S. (1997). Preparation of microporous 
membranes by paste method, Journal of Membrane Science. 135(1), 129-133. 
Molinari, R., De Bartolo, L., and Drioli, E. (1992). Coupled transport of amino acids 
through a supported liquid membrane. I. Experimental optimization. Journal 
of Membrane Science. 73(2–3), 203-215.  
Molinari, R., Poerio, T. and Argurio, P. (2006). Selective removal of Cu2+ versus 
Ni2+, Zn2+ and Mn2+ by using a new carrier in a supported liquid 
membrane, Journal of Membrane Science. 280(1–2), 470-477.  
Montse Charles-Harris Ferrer (2007). Development and characterisation of 
completely degradable composite tissue engineering scaffolds. Doctor of 
Philosophy, Polytechnic University of Catalonia. 
Mu, C., Su, Y., Sun, M., Chen, W., and Jiang, Z. (2010). Fabrication of microporous 
membranes by a feasible freeze method. Journal of Membrane Science. 
361(1–2), 15-21.  
Muthuraman, G. and Palanivelu, K (2005). Transport of textile anionic dyes using 
cationic carrier by bulk liquid membrane. Journal of Scientific & Industrial 
Research, 64, 529-533. 
Muthuraman, G. and Palanivelu, K. (2006a). Transport of textile dye in vegetable 
oils based supported liquid membrane. Dyes and Pigments. 70(2), 99-104.  
Muthuraman, G. and Palanivelu, K. (2006b). Removal of CI Reactive Yellow 125, 
CI Reactive Red 158 and CI Reactive Red 159 dyes from aqueous solution 
with a supported liquid membrane containing tributylphosphate as carrier. 
Journal of The Textile Institute. 97(4), 341-348.  
Muthuraman, G. and Teng, T.T. (2009). Extraction of methyl red from industrial 
wastewater using xylene as an extractant, Progress in Natural Science. 
19(10), 1215-1220. 
129 
 
Narayanan, J. and Palanivelu, K. (2008). Recovery of acetic acid by supported liquid 
membrane using vegetable oils as liquid membrane. Indian Journal Chemical 
Technology. 15, 266-270.  
Ndungu, K., Hurst, M. P., and Bruland, K. W. (2005). Comparison of Copper 
Speciation in Estuarine Water Measured Using Analytical Voltammetry and 
Supported Liquid Membrane Techniques. Environmental Science & 
Technology. 39(9), 3166-3175.  
Nisola, G.M., Cho, E., Beltran, A.B., Han, M., Kim, Y. and Chung, W.-J. (2010) 
Dye/water separation through supported liquid membrane extraction, 
Chemosphere. 80(8), 894-900.  
Norasikin Othman (2006). Selective Emulsion Liquid Membrane Extraction of Silver 
From Liquid Photographic Waste Industries, Doctor Philosophy, University 
Teknologi Malaysia, Skudai. 
Nowier, H.G., El-Said, N., and Aly, H.F. (2000). Carrier-mediated transport of toxic 
elements through liquid membranes Transport of Cd(II) from high salinity 
chloride medium through supported liquid membrane containing 
TBP/cyclohexane. Journal of Membrane Science. 177, 41-47.  
Offeman R. D. and Robertson, G.H (2008), U.S. patent No 7,341,663 B2. 
Washington DC. United States Patent. 
Ong, Y.T., Yee, K.F., Cheng, Y.K. and Tan, S.H. (2012). A review on the Use and 
Stability of Supported Liquid Membranes in the Pervaporation Process. 
Separation & Purification Reviews. 62-87. 
Othman, N., Zailani, S. N., and Mili, N. (2011). Recovery of synthetic dye from 
simulated wastewater using emulsion liquid membrane process containing tri-
dodecyl amine as a mobile carrier. Journal of Hazardous Materials. 198(1), 
103-112.  
Panja, S., Mohapatra, P. K., Tripathi, S. C. and Manchanda, V. K. (2010). Transport 
of Thorium(IV) Across a Supported Liquid Membrane Containing N,N,N′,N′-
130 
 
19 Tetraoctyl-3-oxapentanediamide (TODGA) as the Extractant, Separation 
Science and Technology. 45(8), 1112-1120. 
Panja, S., Mohapatra, P.K., Kandwal, P., Tripathi, S.C. and Manchanda, V.K. (2010). 
Pertraction of plutonium in the +4 oxidation state through a supported liquid 
membrane containing TODGA as the carrier. Desalination. 262(1–3), 57-63.  
Parhi, P. K. (2013). Supported Liquid Membrane Principle and Its Practices: A Short 
Review. Journal of Chemistry. 2013, 1-11.  
Parhi, P. K. and Sarangi. K. (2008). Separation of copper, zinc, cobalt and nickel 
ions by supported liquid membrane technique using LIX 84I, TOPS-99 and 
Cyanex 272. Separation and Purification Technology. 59 (2), 169–174.  
Parhi, P.K., Das, N.N. and Sarangi, K. (2009). Extraction of cadmium from dilute 
solution using supported liquid membrane, Journal of Hazardous Material. 
172 (2–3) 773-779.  
Park, S.W., Kim, K.W., Sohn, I.J. and Kasege, C.F. (2001). Facilitated transport of 
sodium phenolate through supported liquid membrane. Separation and 
Purification Techonology.19, 43–54. 
Parthasarathy, N., Pelletier, M., and Buffle, J. (1997). Hollow fiber based supported 
liquid membrane: a novel analytical system for trace metal analysis.. 
Analytica Chimica Acta. 350(1–2), 183-195.  
Pavia, F.C., Carrubba, V.L. and Brucato, V. (2012). Morphology and thermal 
properties of foams prepared via thermally induced phase separation based on 
polylactic acid blends. Journal of Cellular Plastics. 48, 399-407.  
Pearce C.I., Lloyd J.R. and Guthrie J.T., (2003). The removal of colour from textile 
wastewater using whole bacterial cells: a review. Dyes Pigments. 58, 179-
196.  
Perez,.E.M., Reyes-Aguilera, J.A., Saucedo, T.I., Gonzalez, M.P., Navarro, R. and 
Avila-Rodriguez, M. (2007). Study of As (V) transfer through a supported 
131 
 
liquid membrane impregnated with trioctylphosphine oxide (Cyanex 921), 
Journal of Membrane Science. 302(1–2), 119-126.  
Pimentel, D., Cooperstein, S., Randell, H., Filiberto, D., Sorrentino, S., Kaye, B., 
Nicklin, C., Yagi, J., Brian, J., O'Hern, J., Habas, A. and Weinstein, C. 
(2007). Ecology of Increasing Diseases: Population Growth and 
Environmental Degradation, Human Ecology. 35(6) 653-668.  
Poliwoda, A. and Wieczorek, P.P. (2008). Extraction of Peptides from Body Fluids 
Using Supported Liquid Membranes. Biocybernetics and Biomedical 
Engineering, 28(2), 49–57. 
Porter, M.C. (1988). Handbook of Industrial Membrane Technology. United State of 
America: Noyes Poblication. 
Rajabzadeh, S. Maruyama, T. Sotani, T. Matsuyama, H. (2008). Preparation of 
PVDF hollow fiber membrane from a ternary polymer/solvent/nonsolvent 
system via thermally induced phase separation (TIPS) method. Separation 
and Purification Technology. 63(2), 415-423.  
Rajkumar, D., and Kim, J. G. (2006). Oxidation of various reactive dyes with in situ 
electro-generated active chlorine for textile dyeing industry wastewater 
treatment. Journal of Hazardous Materials. 136(2), 203-212.  
Rak, M., Dżygiel, P., and Wieczorek, P. (2001). Supported liquid membrane 
extraction of aromatic aminophosphonates. Analytica Chimica Acta. 433(2), 
227-236.  
Ramaswamy, S., Greenberg, A.R. and Krantz, W.B. (2002). Fabrication of poly 
(ECTFE) membranes via thermally induced phase separation. Journal of 
Membrane Science. 210(1), 175-180.  
Ranjusha, V.P., Pundir, R., Kumar, K., Dastidar, M.G., and Sreekrishnan, T.R. 
(2010). Biosorption of Remazol Black B dye (Azo dye) by the growing 
Aspergillus flavus. Journal of Environmental Science and Health, Part A 
Toxic/ Hazardous Substances and Enviromental Engineering. 45(10), 1256-
1263.  
132 
 
Rathore, N. S., Sonawane, J. V., Kumar, A., Venugopalan, A. K., Singh, R. K., and 
Bajpai, D. D. (2001). Hollow fiber supported liquid membrane: a novel 
technique for separation and recovery of plutonium from aqueous acidic 
wastes. Journal of Membrane Science. 189(1), 119-128.  
Renge, V. C., Khedkar, S. V. and Pande S. V. (2012) Removal Of Heavy Metals 
From wastewater using low cost adsorbents : A review, Scientific Reviews 
and Chemical Communications. 2(4), 580-584.  
Rhlalou, T., Ferhat, M., Frouji, M.A., Langevin, D., Métayer, M. and Verchère J.F. 
(2000). Facilitated transport of sugars by a resorcinarene through a supported 
liquid membrane. Journal of Membrane Science. 168(1–2), 63-73. 
Robinson, T., McMullan, G., Marchant, R. and Nigam, P. (2001). Remediation of 
dyes in textile effluent: a critical review on current treatment technologies 
with a proposed alternative. Bioresource Technology. 77, 247–255.  
Robinson, T., McMullan, G., Marchant, R., and Nigam, P. (2003). Remediation of 
dyes in textile effluent: a critical review on current treatment technologies 
with a proposed alternative, Bioresource Technology. 1, 25-40.  
Rounaghi, G.H., Kazemi, M.S., and Sadeghian, H. (2008). Transport of silver ion 
through bulk liquid membrane using macrocyclic and acyclic ligands as 
carriers in organic solvents. Journal Of Inclusion Phenomena And 
Macrocyclic Chemistry . 60 (1-2), 79-83. 
Rovira, M., Sastre, A.M. (1998). Modelling of mass transfer in facilitated supported 
liquid-membrane transport of palladium(II) using di-(2-ethylhexyl) 
thiophosphoric acid, Journal of Membrane Science. 149(2), 241-250. 
Saf, A.O., Alpaydin, S. and Sirit, A. (2006). Transport kinetics of chromium(VI) ions 
through a bulk liquid membrane containing p-tert-butyl calix[4]arene 3-
morpholino propyl diamide derivative, Journal of Membrane Science. 283, 
448–455. 
133 
 
Sahoo, G. and Dutta, N. (2002). Perspectives in liquid membrane extraction of 
cephalosporin antibiotics. In history and trends in bioprocessing and 
biotransformation. Berlin: Springer.  
Sarkarb, A., Rauta D.R., Mohapatraa, P.K., Ansaria S.A and. Manchandaa V.K 
(2008). Selective transport of radio-cesium by supported liquid membranes 
containing calix[4]crown-6 ligands as the mobile carrier. Desalination. 232, 
262-271.  
Savvaidis, I. Hughes, M.N. and Poole, R.K. (2003). Copper biosorption by 
Pseudomonas cepacia and other strains. World Journal of Microbiology 
Biotechnology. 19 (2), 117–121.  
Schafer, A. and Hossain, M. M. (1996). Extraction of organic acids from kiwifruit 
juice using a supported liquid membrane process. Bioprocess Biosystem 
Engineering. 16, 25-33.  
Scott, K. and Hughes, R. (1996) .Industrial Membrane Separation Technology. (1th 
ed.). London: Blackie Academic & Professional, an imprint of Chapman & 
Hall. 
Selvam, S., Chang, W. V., Nakamura, T., Samant, D. M., Thomas, P. B., Trousdale, 
M. D., Mircheff, A. K., Schechter, J. E. and Yiu, S.C. (2009). Microporous 
Poly(L-Lactic Acid) Membranes Fabricated by Polyethylene Glycol Solvent-
Cast/Particulate Leaching Technique Tissue Engineering. Tissue Engineering. 
Part C Methods. 15(3), 463-474.  
Shamsipur, M., Hashemi, O.R. and Lippolis, V. (2006). A supported liquid 
membrane system for simultaneous separation of silver(I) and mercury(II) 
from dilute feed solutions. Journal of Membrane Science. 282(1–2), 322-327. 
Shen, Y., Grönberg, L. and Jönsson, J.Å. (1994). Experimental studies on the 
enrichment of carboxylic acids with tri-n-octylphosphine oxide as extractant 
in a supported liquid membrane. Analytica Chimica Acta. 292(1–2), 31-39.  
134 
 
Soloman, P.A., Basha, C.A., Velan, M., Ramamurthi, V., Koteeswaran, K., and 
Balasubramanian, N. (2009). Electrochemical Degradation Of Remazol Black 
B Dye Effluent. Research article. 37(11), 889-900.  
Solozhenko, E.G., Soboleva, N.M. and Goncharut, V.V. (1995). Decolourization of 
azo dye solutions by Fenton’s oxidation. Water Research. 29, 2206–2210.  
Šostar, T.S., Petrinić, I. and Simonič, M. (2005). Laundry wastewater treatment 
using coagulation and membrane filtration. Resources, Conservation and 
Recycling. 44(2), 185-196.  
Stagnitti, F. (1999). A model of the effects of nonuniform soil-water distribution on 
the subsurface migration of bacteria: Implications for land disposal of 
sewage, Mathematical and Computer Modelling. 29, 41-52  
Sud, D., Mahajan, G., and Kaur, M. P. (2008). Agricultural Waste Material As 
Potential Adsorbent For Sequestering Heavy Metal Ions From Aqueous 
Solutions – A Review. Bioresource Technology. 99(14), 6017-6027.  
Sulak, M.T., Demirbas, E. and Kobya, M.( 2007). Removal of Astrazon Yellow 7GL 
from aqueous solutions by adsorption onto wheat bran. Bioresource 
Technology. 98, 2590–2598.  
Sun, Y., Saleh, L. and Bai, B. (2012). Measurement and Impact Factors of Polymer 
Rheology in Porous Media. In Vicente, J.D. Rheology (p.p 187-202) Croatia: 
Intech Open Science. 
Surucu, A., Eyupoglu, V., and Tutkun, O. (2012). Selective Separation Of Cobalt 
And Nickel By Flat Sheet Supported Liquid Membrane Using Alamine 300 
As Carrier. Journal of Industrial and Engineering Chemistry. 18(2), 629-634.  
Swain, B., Jeong, J., Lee, J.C. and Lee, G.H. (2007). Extraction of Co(II) by 
supported liquid membrane and solvent extraction using Cyanex 272 as an 
extractant: A comparison study, Journal of Membrane Science. 288(1–2), 
139-148.  
135 
 
Swain, B., Sarangi, K. and Das, R.P. (2006). Effect of different anions on separation 
of cadmium and zinc by supported liquid membrane using TOPS-99 as 
mobile carrier. Journal of Membrane Science. 277(1–2), 240-248. .  
Takeuchi, H., Takahashi, K., and Goto, W. (1987). Some Observations On The 
Stability Of Supported Liquid Membranes. Journal of Membrane Science. 
34(1), 19-31.  
Tanakaa, T., Takahashia, M., Kawaguchia, S., Hashimotoa, T., Saitoha, H., Kouyaa, 
T., Taniguchia, M. and Lloyd, D. R. (2010). Formation of microporous 
membranes of poly(1,4-butylene succinate) via nonsolvent and thermally 
induced phase separation, Desalination Water Treatment.17,176–182. 
Tao, H., Zhang, J., Wang, X. and Gao, J. (2006). Phase separation and Polymer 
crystallization in a poly (4-methyl-1-pentene)- dioctylsebacate-
dimetylphtalate system via thermally induced phase separation, Journal of 
Polymer Science. 45, 153-161. 
Tarditi, A.M., Marchese, J. and Campderrós, M.E. (2008) Modelling of zinc (II) 
transport through a PC-88A supported liquid membrane. Desalination. 
228(1–3) 226-236.  
Tayeb, R., Fontas, C., Dhahbi, M., Tingry, S., and Seta, P. (2005). Cd(II) Transport 
Across Supported Liquid Membranes (SLM) And Polymeric Plasticized 
Membranes (PPM) Mediated By Lasalocid A. Separation and Purification 
Technology. 42(2), 189-193.  
Tekoglu, O. and Ozdemir, C. (2010). Wastewater of Textile Industry and Its 
Treatment Processes. Balwois 2010 Conference. 25-29 May. Ohrid, Republic 
of Macedonia, 1-10.  
Teramoto, M., Matsuyama, H., Takaya, H. and Asano, S. (1987). Development of 
Spiral-Type Supported Liquid Membrane Module for Separation and 
Concentration of Metal Ions, Separation and Science Technolgy. 22(11), 
2175-2201. 
136 
 
Teramoto, M., Tohno, N., Ohnishi, N. and Matsuyama, H. (1987). Development of a 
Spiral-Type Flowing Liquid Membrane Module with High Stability and Its 
Application to the Recovery of Chromium and Zinc, Separation and Science 
Technology. 24(12-13), 981-999. 
Tor, A., Cengeloglu, Y., Ersoz, M. and Arslan, G. (2004). Transport of 
chromiumthrough cation exchangemembranes by Donnan dialysis in the 
presence of some metals of different valences. Desalination. 171, 151–159.  
Turgay, O., Ersoz, G., Atalay, S., Forss, J., and Welander, U. ( 2011). The treatment 
of azo dyes found in textile industry wastewater by anaerobicbiological 
method and chemical oxidation. Separation and Purification Technology. 79, 
26–33.  
Tuteja, R. and Sharma, J.K. (2009). Studies in Recovery and Re-use of Triazine 
reactive dyes from textile effluent. Rasayan Journal of Chemistry. 2(2), 464-
471. 
Unlu, N. and Ersoz, M. (2006). Adsorption characteristics of heavy metal ions onto a 
low cost biopolymeric sorbent from aqueous solutions, Journal of Hazardous 
Material. 136, 272–280.  
Vadalia, H.C., Lee, H.K., Myerson, A.S. and Levon, K. (1994). Thermally induced 
phase separation in ternary crystallizable polymer solutions, Journal of 
Membrane Science. 89(1–2), 37-50.  
Van de Voorde, I., Pinoy, L., and De Ketelaere, R. F. (2004). Recovery Of Nickel 
Ions By Supported Liquid Membrane (SLM) Extraction. Journal of 
Membrane Science. 234(1–2), 11-21.  
Vander Hoogerstraete, T., Wellens, S., Verachtert, K. and Binnemans, K. (2013). 
Removal of transition metals from rare earths by solvent extraction with an 
undiluted phosphonium ionic liquid: separations relevant to rare-earth magnet 
recycling. Green Chemistry. 15(4), 919-927.  
137 
 
Vanegas, M. E., Quijada, R., and Serafini, D. (2009). Microporous membranes 
prepared via thermally induced phase separation from metallocenic 
syndiotactic polypropylenes. Polymer. 50(9), 2081-2086.  
Vass, A., Bélafi-Bakó, K., Nemestóthy, N., Cserjési, P. and Csanádi, Zs. (2009). 
Study on gas separation by supported liquid membranes applying novel ionic 
liquids, Desalination. 246, 370-374  
Venkateswaran, P. and Palanivelu, K. (2006). Recovery of phenol from aqueous 
solution by supported liquid membrane using vegetable oils as liquid 
membrane. Journal of Hazardous Materials. 131(1–3), 146-152.  
Visvanathan, C., and  Asano, T. (2009). The potential for industrial wastewater 
reuse. In Vigneswaran, S. Wastewater Reuse, Recycle and Reclamation (pp. 
229-317). Encyclopedia of Life Support System (EOLSS)  
Wan Ngah, W.S. and Hanafiah, M.A.K.M. (2008) Removal of heavy metal ions from 
wastewater by chemically modified plant wastes as adsorbents: A review, 
Bioresource Technology. 99(10), 3935-3948.  
Wang, Y., and Doyle, F. M. (1999). Formation Of Epoxy Skin Layers On The 
Surface Of Supported Liquid Membranes Containing Polyamines. Journal of 
Membrane Science. 159(1–2), 167-175.  
Wang, Z., Xue, M., Huang, K. and Liu, Z. (2011). Textile Dyeing Wastewater 
Treatment. Peter Hauser. Advances in Treating Textile Effluent. (pp 91-116). 
China: Intech Open Science. 
Wenjun, L. (1995). Formation and microstructure of polyethylene microporous 
membranes through thermally induced phase separation, Chinese Journal of 
Polymer Science. 13(1), 7-19. 
Wijers, M. C., Jin, M., Wessling, M., and Strathmann, H. (1998). Supported liquid 
membranes modification with sulphonated poly(ether ether ketone): 
Permeability, selectivity and stability. Journal of Membrane Science. 147(1), 
117-130.  
138 
 
Wu, Q.-Y., Wan, L.-S. and Xu, Z.-K. (2012). Structure and performance of 
polyacrylonitrile membranes prepared via thermally induced phase 
separation. Journal of Membrane Science. 409–410, 355-364.  
Yahaya, G.O., Brisdon, B.J. and England, R. (2000). Facilitated transport of lactic 
acid and its ethyl ester by supported liquid membranes containing 
functionalized polyorganosiloxanes as carriers, Journal of Membrane 
Science. 168(1–2),187-201.  
Yang, M.C. and Perng, J.S. (2001). Microporous polypropylene tubular membranes 
via thermally induced phase separation using a novel solvent — camphene. 
Journal of Membrane Science. 187(1–2), 13-22.  
Yang, Q., Chung, T. S., Xiao, Y., and Wang, K. (2007). The development of 
chemically modified P84 Co-polyimide membranes as supported liquid 
membrane matrix for Cu(II) removal with prolonged stability. Chemical 
Engineering Science. 62, 1721-1729.  
Yang, X. J., Fane, A. G., Bi, J., and Griesser, H. J. (2000). Stabilization Of 
Supported Liquid Membranes By Plasma Polymerization Surface Coating. 
Journal of Membrane Science. 168(1–2), 29-37.  
Yang, X.J. and Fane, A.G. (1999). Performance and stability of supported liquid 
membranes using LIX 984N for copper transport, Journal of Membrane 
Science. 156 (2), 251-263.  
Yang, X.J., and Fane, T. (1997). Effect of membrane preparation on the lifetime of 
supported liquid membranes. Journal of Membrane Science. 133(2), 269-273. 
Yang, Z., Li, P., Chang, H. and Wang, S. (2006). Effect of Diluent on the 
Morphology and Performance of IPP Hollow Fiber Microporous Membrane 
via Thermally Induced Phase Separation, Chinese Journal of Chemical 
Engineering. 14(3), 394-397.  
Yave, W. Quijada, R. Serafini, Lloyd, D.R. (2005). Effect of the polypropylene type 
on polymer–diluent phase diagrams and membrane structure in membranes 
139 
 
formed via the TIPS process: Part I. Metallocene and Ziegler–Natta 
polypropylenes, Journal of Membrane Science. 263(1–2), 146-153.  
Zaharia, C., Suteu, D., Muresan, A., Muresan, R. and Popescu, A. (2009). Textile 
wastewater treatment by homogenous oxidation with hydrogen peroxide. 
Environmental Engineering and Management Journal. 8(6), 1359-1369. 
Zha, F. F., Fane, A. G., and Fell, C. J. D. (1995). Effect Of Surface Tension 
Gradients On Stability Of Supported Liquid Membranes. Journal of 
Membrane Science. 107(1–2), 75-86.  
Zhang, W. Cui, C. and Hao, Z. (2010). Transport Study of Cu(II) Through Hollow 
Fiber Supported Liquid Membrane, Chinese Journal of Chemical 
Engineering. 18(1), 48-54. 
Zheng, H., Wang, B., Wu, Y. and Ren, Q. (2009a). Instability Mechanisms Of 
Supported Liquid Membrane For Phenol Transport, Separation Science And 
Engineering. Chinese Journal Of Chemical Engineering. 17(5), 750-755.  
Zheng, H.D., Wang, B.Y., Wu, Y.X. and Ren, Q.L. (2009b). Instability mechanisms 
of supported liquid membranes for copper (II) ion extraction. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects. 351(1–3), 38-45.  
Zidi, C., Tayeb, R. and Dhahbi, M. (2011). Extraction of phenol from aqueous 
solutions by means of supported liquid membrane (MLS) containing tri-n-
octyl phosphine oxide (TOPO). Journal of Hazardous Material. 194, 62-68.  
Zidi, C., Tayeb, R., Ali, M.B.S. and Dhahbi, M. (2010) Liquid–liquid extraction and 
transport across supported liquid membrane of phenol using tributyl 
phosphate, Journal of Membrane of Science. 360(1–2), 334-340. 
